and ICC into one category, but there is debate over the clinical features of cHCC-CC in comparison to those of ICC and assessment of their prognosis. Some studies have suggested that patients with cHCC-CC have a poorer prognosis than those with ICC, 3, 11 while others have either reported the opposite 12 or no significant difference in survival. 2, 13, 14 Liver transplantation is also one of choice for ICC and cHCC-CC. [15] [16] [17] [18] However, surgical outcomes of ICC patients after liver transplantation is quite poor due to higher recurrence and shorter survival compared to HCC patients. 17 Liver transplantation also cannot contribute to better prognosis of patients with cHCC-CC compared to those with HCC, but may improve surgical outcomes than ICC patients. 15 Furthermore, the previous edition of the AJCC/UICC staging system excluded tumor size as a prognostic factor from the tumor (T) classification, 7, 9 but the current (8th) edition clearly indicates that a tumor size of 5 cm is a factor for determining the T classification of ICC. 8, 10 Besides, based on the HCC staging system, 19 the Liver Cancer Study Group of Japan (LCSGJ) staging system determines the T classification based on a tumor size of 2 cm, the tumor number, and the presence of vascular/ serosal invasion. A nationwide study by the LCSGJ revealed that a solitary ICC ≤2 cm in size without vascular or major biliary invasion can have an excellent prognosis. 20 In order to elucidate whether classifying ICC and cHCC-CC into one category is justified, the current study investigated the clinical features of and prognosis for the two types of liver cancer.
| PATIENTS AND METHODS

| Study population
Data from patients with primary liver cancer undergoing liver resection at the Department of Digestive Surgery of Nihon University Itabashi Hospital in Tokyo from 2001 to 2017 were retrospectively analyzed. Of them, the patients with ICC or cHCC-CC who underwent initial and curative resection were included in this study (Figure 1 ).
For consecutive patients with ICC or cHCC-CC, the diagnosis was based on imaging studies and clinical data, and confirmed by pathological findings. Combined hepatocellular-cholangiocarcinoma was classified as the mixed type in accordance with the Allen and Lisa classification. 21 Clinical and pathological data on patients were retrospectively collected. This study was approved by this facility's research ethics committee.
| Preoperative evaluation
A routine preoperative evaluation for primary liver cancer was performed. 20, [22] [23] [24] Computed tomography (CT) and gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acidenhanced magnetic resonance imaging (EOB-MRI) were performed to evaluate the characteristics of each condition such as tumor size, tumor number, the presence of vascular invasion, and the presence of extrahepatic metastasis. Tumor markers including alpha-fetoprotein (AFP), lens culinaris agglutinin-reactive AFP (AFP-L3), des-gamma-carboxy prothrombin (DCP), carcinoembryonic antigen (CEA), and carbohydrate antigen 19-9 (CA 19-9) were evaluated.
| Surgical procedures
All patients underwent open liver resection, and hilar lymphadenectomy was not routinely performed unless lymph node metastasis was suspected preoperatively. The indications for liver resection and the procedure were determined by assessing the liver functional reserve according to Makuuchi's criteria for liver resection. 25 Briefly, liver F I G U R E 1 Flow-chart for patient selection. cHCC-CC, combined hepatocellular-cholangiocarcinoma; ICC, intrahepatic cholangiocarcinoma resection is contraindicated in patients who have refractory ascites, hyperbilirubinemia (>2 mg/dL), or both. The extent of liver resection is determined on the basis of the serum total bilirubin level and indocyanine green retention rate at 15 minutes (ICG-R 15 ) value. Anatomical resection of Couinaud's segment was the first-line operative procedure. Major liver resection was defined as removal of two or more segments, and minor resection was defined as resection of not more than one segment. R0 resection was defined as liver resection with "clear resection margin", and R1 as liver resection with "resection margin touching inked tumor". 26 Patients undergoing R2 resection were excluded in this study.
| Postoperative pathological factors
Each pathological factor was defined in accordance with the General Rules for the Clinical and Pathological Study of Primary Liver Cancer. 19 Tumor size and number were determined based on pathological findings. Based on the LCSGJ classification system, 19 the impact of portal vein invasion, hepatic vein invasion, arterial invasion, biliary invasion, and serosal invasion was evaluated according to the microscopic grade of each factor. Lymph node metastasis, distant metastasis, and intrahepatic metastasis were also analyzed. 
T A B L E 1 Baseline characteristics of patients with ICC or cHCC-CC
| Postoperative follow-up
In general, patients were followed up every 1-3 months during the first year after surgery and every 3 months thereafter. Levels of tumor markers such as AFP, DCP, CEA, and CA19-9 were measured, and imaging studies, including CT and ultrasonography, were performed every 3 months on all patients. Recurrence was identified based on dynamic CT and/or EOB-MRI. In patients with recurrent ICC or cHCC-CC, the time between the date of surgery and recurrence was defined as the recurrence-free period. Recurrent ICC or cHCC-CC was treated with repeated liver resection, transcatheter arterial chemoembolization (TACE), radiofrequency ablation, or chemotherapy depending on the status of the ICC or cHCC-CC and liver function at the time of recurrence. The final follow-up was completed on September 12, 2018.
| Statistical analysis
Continuous variables are expressed as the median and range and were compared using the Mann-Whitney U test. Categorical variables are expressed as frequencies and percentages and were compared using the Chi-square test. Cumulative survival curves were plotted using the Kaplan-Meier method, and curves were compared using the log-rank test. The predictive ability of tumor size was assessed by receiver operating characteristic (ROC) curve analysis and the corresponding area under the curve (AUC). The optimal cut-off size was set as the value maximizing the sum of sensitivity and specificity. The significance of clinical and pathological characteristics was assessed using univariate analysis. Variables that were significantly associated with survival and recurrence-free survival (RFS) in univariate analysis were subjected to multivariate analysis using Cox's proportional hazards regression model (with a backward stepwise procedure), and the corresponding 95% confidence intervals (CI) were calculated. Two-tailed P values <.05 were considered statistically significant.
Statistical analysis was performed using SPSS version 22.0 (SPSS Inc).
| RESULTS
| Clinicopathological features
Based on pathological findings, 61 patients were diagnosed with ICC and 29 patients were diagnosed with cHCC-CC ( Figure 1 ). Levels of both AFP (P < .001) and AFP-L3 (P = .006) were higher in patients with cHCC-CC compared to levels in patients with ICC. The number of R1 was more frequent in cHCC-CC group, but there was no significance between the two groups (cHCC-CC vs ICC, 27.6% vs 24.6%, P = .799). The median tumor size was 4.0 cm (range: 1.0-25.0 cm) for ICC and 3.0 cm (range: 1.0-11.0 cm) for cHCC-CC (Table 1 ).
| Patient survival
After a median follow-up of 1.2 years (range: 0.1-10.5 years) for 90 patients, recurrence was noted in 50 patients (55.6%), including 29 (47.5%) with ICC and 21 (72.4%) with cHCC-CC (P = .040).
The median overall survival (OS) of 61 patients with ICC was 3.4 years (95% CI: 2.4-4.4) and that of 29 patients with cHCC-CC was 4.2 years (95% CI: 0.9-7.6) (P = .200). The median RFS was 1.3 years (95% CI: 0.5-2.1) for patients with ICC and 0.9 years (95% CI: 0.3-1.6) for patients with cHCC-CC (P = .028). The rates of OS and RFS at 5 years were 42.6% and 37.7%, respectively, in patients with ICC; and 25.8% and 0%, respectively, in patients with cHCC-CC ( Figure 2 ).
| Prognostic factors
Cox's proportional model indicated that tumor number was the strongest independent risk factor for OS and RFS in both groups. Vascular invasion was also an independent risk factor for RFS in both groups (Tables 2 and 3 ).
In ICC patients with multiple tumors, the rates of OS and RFS at 5 years were 0% respectively, which were lower than F I G U R E 2 The cumulative OS (A) and RFS (B) curves for patients with ICC and patients with cHCC-CC who underwent resection. cHCC-CC, combined hepatocellular-cholangiocarcinoma; ICC, intrahepatic cholangiocarcinoma; OS, overall survival; RFS, recurrence-free survival those of patients with a solitary tumor (54.1% and 47.2%, respectively; P < .001 for both) ( Figure 3A,B) . In ICC patients with vascular invasion, the rate of RFS at 5 years was 20.4%, which was lower than those of patients without vascular invasion (52.7%) (P = .002).
In cHCC-CC patients with multiple tumors, the rate of OS at 5 years was 22.2%, which was lower than those of patients with a solitary tumor (30.2%, P = .002) ( Figure  3C ). The RFS at 5 years were poor in both groups. The median RFS was 0.3 years (95% CI: 0.2-0.4) in patients with multiple tumors, which was shorter than 1.1 years (95% CI: 0.2-1.9) in patients with a solitary tumor (P < .001) ( Figure   3D ). The median RFS was 0.4 years (95% CI: 0.1-0.7) in patients with vascular invasion, which was shorter than 1.8 years (95% CI: 1.1-2.6) in patients without vascular invasion (P = .019).
The resection margin status was not identified as an independent risk factor for OS and RFS in ICC and cHCC-CC (P > .05, respectively) ( Tables 2 and 3 ). The extent of resection was identified as an independent risk factor for RFS in patients with cHCC-CC (P = .022) ( Table 3 ). In cHCC-CC patients undergoing major resection, the rate of RFS at 5 years was 0%, which was lower than those of patients undergoing a minor resection (10.8%, P = .022). 
| Tumor size and prognosis
When patients were stratified using a tumor cut-off size of 2 cm, the prognosis for patients with ICC did not differ significantly. However, a tumor cut-off size of 5 cm was significantly associated with OS and RFS (P = .003 for both) according to a univariate analysis of patients with ICC ( A tumor cut-off size of 5 cm (P = .001) was also significantly associated with RFS according to univariate analysis; when a tumor cut-off size of 5 cm was used in multivariate analysis, multiple tumors (HR, 11.463; 95% CI, 2.536-51.819; P = .002) and a tumor size > 5 cm (HR, 6.240; 95% CI, 1.619-24.054; P = .008) were identified as significant predictors of RFS.
respectively) (P = .003 for both). The OS and RFS rates at 5 years were 21.7% and 28.1% in patients with an ICC tumor >5 cm in size and 59.5% (P = .001) and 44.3% (P = .002) in patients with a tumor ≤5 cm in size. In contrast, a tumor cut-off size of 2 cm was significantly associated with RFS (P = .038) according to a univariate analysis of patients with cHCC-CC (Table 3 ). In patients with a cHCC-CC tumor >2 cm in size, the median RFS was 0.6 years; the median RFS was shorter than that of patients with a tumor ≤2 cm in size (2.6 years, P = .038).
In order to determine the optimal cut-off value of tumor size for survivals, we performed ROC curve analysis ( Figure  S1 ). The area under the ROC curve was 0.706 (95% CI: 0.568-0.844; P = .010) for OS of ICC patients. The optimal cut-off value of tumor size was 4.55 cm, with sensitivity of 63.2% and specificity of 81.0%. On the other hand, the optimal cut-off size was 2.35 cm for OS of cHCC-CC patients, with sensitivity of 91.7% and specificity of 41.2% (Table 4 ).
| DISCUSSION
Even though the 7th and 8th editions of the AJCC/UICC staging system classify cHCC-CC and ICC into one category, 7-10 patients with cHCC-CC had a poorer prognosis than those with ICC and the prognoses for the two types of liver cancer differ when stratified by the tumor size in the current study.
Differences in prognosis for ICC and cHCC-CC may be due to their distinct mechanisms of carcinogenesis and biological behavior. The disadvantageous behavior of cHCC-CC may be related to tumor cells that originate from pluripotent hepatic precursor cells. 27, 28 According to one hypothesis, the ICC components in cHCC-CC do not originate from standard HCC and hepatic progenitor cells that undergo malignant transformation; instead, those cells may exhibit dual differentiation. [29] [30] [31] [32] In the current study, chronic hepatitis or liver cirrhosis and poorly differentiated cancer were more frequently noted in patients with cHCC-CC. Consequently, the rate of recurrence was higher in the cHCC-CC group. Differences in prognosis for ICC and cHCC-CC may be due to differences in the aforementioned background liver factors and the grade of cancer differentiation. Therefore, it might be justified to propose that ICC and cHCC-CC be clinically regarded as different categories.
Tumor number is regarded as one of the important factors for determining the T classification according to the current staging systems of the AJCC/UICC 8, 10 and LCSGJ. 19 A greater number of tumors may result in satellite nodules or intrahepatic F I G U R E 3 The cumulative OS and RFS curves for patients with ICC (A, B) and patients with cHCC-CC (C, D) stratified by tumor number. cHCC-CC, combined hepatocellular-cholangiocarcinoma; ICC, intrahepatic cholangiocarcinoma; OS, overall survival; RFS, recurrence-free survival metastasis, both of which are reported to be associated with a worse outcome. [33] [34] [35] [36] Consistent to the previous study, our data showed that tumor number was a significant predictor of OS and RFS in both groups, and patients with multiple ICCs had a poorer prognosis than those with a solitary tumor. It was also true for patients with cHCC-CC. Similarly, numerous studies have reported on the prognostic importance of vascular invasion in ICC and cHCC-CC. 6, 14, 37, 38 In the current study, vascular invasion was also identified as a significant predictor of RFS in both groups. Patients with ICC with vascular invasion had a poorer prognosis than those without vascular invasion, and it was also true for patients with cHCC-CC.
A point worth noting is that the prognostic importance of tumor size in patients with ICC or cHCC-CC is still a subject of debate. Based on the analysis of population-based data of patients with ICC in the United States, a study indicated that tumor size was not a prognostic factor, and it was unable to confirm the prognostic impact of a tumor cut-off size of 2 or 5 cm on survival. 39 Using Japanese data from the LCSGJ, a report indicated that an ICC cut-off size of 2 cm in the largest dimension readily predicted patient survival and that a solitary ICC ≤2 cm in size without vascular or major biliary invasion can have an excellent prognosis. 20 Several studies have similarly revealed the prognostic importance of tumor size in patients with cHCC-CC, 6,40,41 while others have found that tumor size was not associated with survival. 42, 43 The reason why the prognostic impact of a tumor cut-off size of 2 or 5 cm differs in the literature is unclear, but detecting a tumor ≤2 cm in size is very difficult due to the lack of symptoms. Surveillance is crucial for patients with hepatic disease. Moreover, the prognostic role of tumor size needs to be evaluated in additional studies.
In the current study, tumor size was significantly associated with prognosis in both groups according to univariate analysis. However, the prognoses of ICC and cHCC-CC differed when the two forms of liver cancer were stratified according to tumor size. When stratified by a tumor cut-off size of 2 cm, the prognosis for patients with ICC did not differ significantly. However, patients with cHCC-CC >2 cm in size had a poorer prognosis than those with cHCC-CC ≤2 cm in size. When stratified by a tumor cut-off size of 5 cm, patients with ICC >5 cm in size had a poorer prognosis than those with ICC ≤5 cm in size. Given that the optimal cut-off values of tumors size were approximately 5 cm for patients with ICC and 2 cm for those with cHCC-CC in this study, tumor factor defined by AJCC/UICC and LCSGJ staging systems maybe appropriate for ICC and cHCC-CC, respectively. However, patient number was too small in this study, and therefore it should be determined using a large cohort such as nationwide study. Cut-off size of 5 cm 23.8 87. 5 11.3 Abbreviations: cHCC-CC, combined hepatocellular-cholangiocarcinoma; ICC, intrahepatic cholangiocarcinoma.
The current study had several limitations. First, the current study was a retrospective, single-center study. Consequently there were some differences of the background between the ICC and cHCC-CC patients. Although propensity-score matching is undoubtedly one of the best solution methods for observational data, the sample size was not large enough due to the low prevalence of ICC and cHCC-CC, and therefore the statistical matching was impossible. Second, all patients in this study underwent surgical resection. Given that substantial proportion of patients with ICC and cHCC-CC are not to be candidates for resection, the clinical features and prognosis for patients receiving nonsurgical treatment should be evaluated and compared.
| CONCLUSION
The current study revealed that patients with cHCC-CC had a poorer prognosis than those with ICC and that the prognosis differed significantly when cHCC-CC was stratified by a tumor cut-off size of 2 cm and when ICC was stratified by a tumor cut-off size of 5 cm. This difference is likely to be due to the difference in the biological behavior of the two types of carcinoma. Taken together, the current findings suggest that ICC and cHCC-CC should be classified into different categories. Moreover, the differences in tumor size, tumor characteristics, and tumor biology need to be further evaluated in order to accurately predict the prognosis for patients with ICC or cHCC-CC.
